Recent, as well as early experiments on irradiated organic conductors, have shown that the introduction of strong foreign potentials as the level of a few tenths of a percent to a few percent, induces drastic changes in the resistivity of the metallic state of these conductors [1] [2] [3] [4] .
In the early days of these studies such an unusual sensitivity was sometimes attributed to particular aspects of the electron-phonon scattering (phonon drag, libron drag, Frohlich collective modes... [1, 5] ).
During the same period, a more simple, single-electron picture was developed to understand the longitudinal as well as the transverse conductivity dependences with defect concentration and with temperature [6, 7] . Recently, this model was completed in order to include Coulomb effects [8] . It was assumed that the strongirradiation defects simply cut the metallic chains into weakly interacting metallic segments. As the defect concentration is increasing and reaching levels of the order of 1 mole %, the dc and microwave transport, as well as the electron spin resonance linewidth were shown to be more and more dominated by interstrand hopping [7] , the microwave dielectric constant was shown to exhibit the concentration dependence predicted in an interrupted strand model [9] , and the low temperature magnetism was explained in terms of weakly interacting unpaired spins sitting on magnetic segments [10, 11 ] .
Thus, the intrinsic behaviour of electrons within the conducting chains was observed to disappear from the transport and magnetic properties of irradiated samples, even at moderate concentration levels, the statistical properties of the assembly of metallic particles dominating over the intrinsic processes. The aim of the present paper is to detect possible changes in the intrinsic properties of the electrons due to irradiation. For this purpose, the frequency of the excitating field was raised from dc or microwaves to the optical range and the chain axis reflectivities of irradiated samples of (TMTSF)2PF6, (TMTSF)2AsF6 and (TMTSF) (DMTCNQ) were measured in the infrared range from 5 000 to 12 000 cm-1 i.e. in the region of the metallic plasma edge.
A similar experiment, performed on (TTF) (TCNQ) was reported in the early paper of Gunning and Heeger [12] , but the irradiation doses were very low and the optical conductivity was found to be insensitive to defects in the range of a few tenths of a percent, whereas the room temperature conductivity, as measured at dc or microwave frequencies, was found to decrease by a factor of two.
Optical reflectivity measurements are known to be an important tool for the investigation of the electronic structure of organic conductors [13] , especially in the (TMTSF)2X family of Bechgaard salts where extensive infrared reflectance measurements were used to extract information on bandwidths and on charge transfer bands in the pure samples [14] .
Experimental.
Single crystals of the materials were prepared either chemically or electrochemically, as described in reference [15] or [16] (1) .
ii) For one group of samples of (TMTSF)2PF6 (1 to 4), the defects have been produced by room temperature irradiation in a low energy electron accelerator (40 keV electrons) described elsewhere [ 17, 18 ] Curie-like tail, is twice the number of defects determined from dc transport [20] . Although each method is reliable and reproducible, there is some unknown factor of the order of one in the absolute number of defects, due to the distribution between both chains and the percolation character of the conduction process. Furthermore, the precise chemical and crystallographical nature of irradiation defects in organic conductors is not yet known, except in quinolinium (TCNQ)2 where one of the defects has been identified recently [21] ; in the case of (TMTSF) (DMTCNQ), a speculation suggests that 1/4 of irradiation defects are induced on the TMTSF chains and 3/4 on the DMTCNQ [20] . Fortunately, (TMTSF)2PF6 and (TMTSF)2AsF6 are single chain compounds; but (TMTSF)2AsF6 has never been irradiated before the present experiment, and (TMTSF)2PF6, which was irradiated several times, especially at low doses [22] [23] [24] , was not studied seriously from the point of view of (1) 1 Gy is an energy per unity of mass, of 1 joule per kilogram of compound, absorbed in the sample by electronic excitation from the incident ionizing radiation, while 1 rad is 100 ergs/g. In (TMTSF) (DMTCNQ), 180 kGy (18 Mrad) correspond to an absorbed energy of 1 eV per molecular unit [11 ] . Most of the experimental results in irradiated organic conductors of the (TMTSF)2X series have been interpreted with the idea that the molecular decomposition is independent of the precise nature of the counter-ion X and that the rate in the single chain compounds based on TMTSF molecules is of the same order as in (TMTSF) (DMTCNQ) [22] [23] [24] . As a starting point, it is convenient to follow the previous authors.
Another important effect on the damage production in organic conductors has been discovered recently and should be mentioned here : it is the temperature effect. Samples of Qn(TCNQ)2 have been shown to be damaged two times faster at 300 K than at 20 K [25] . In (TTF) (TCNQ) radiation induced defects are produced three times faster at 300 K than at 20 K [26] .
Thus, it is reasonable to correct the defect concentrations for the low temperature irradiations by a factor of two with respect to the room temperature determination.
The present discussion about the absolute concentration of defects shows clearly that, within the present state of the art, it is difficult to measure the absolute number of radiation induced defects with an error lower than 50 to 100 percent and often even more.
In order to do it more precisely in the present paper, we have decided to check the previous reasonable hypothesis in the following way.
i) The temperature effect on the damage production has been checked directly by optical experiments by using samples irradiated at 20 K as well as samples irradiated at room temperature (see Table I ).
ii) A complementary check of the relative sensitivities to irradiation of (TMTSF)2PF6, (TMTSF)2AsF6 and (TMTSF)(DMTCNQ) has been performed in the form of an electron spin resonance experiment, the results of which are reported in table II. The irradiation conditions (2 MeV electrons, temperature of 20 K) were of course the same for the three compounds.
The results of both these experiments confirm the previous hypotheses within the experimental accuracy, i.e. the sensitivity of the compounds of the (TMTSF)2X Notice that the frequency range has been extended towards the low frequencies with respect to figure 1. concentration reaches 10 %. In this experiment the frequency range of the measurement has been somewhat extended towards the low frequencies. 4 . Discussion.
The present results demonstrate that nothing drastic occurs to the underlying local electronic structure of organic conductors, when submitted. to levels of irradiation destroying a few percent of their molecules.
As mentioned above such levels of damage increases the room temperature resistivity by several orders of magnitude [17] . We shall now discuss in more detail the moderate changes in optical parameters.
Within the conventional tight-binding model, the square of the plasma frequency is given by [14] :
In this equation, n is the carrier density, t the transfer integral, a the lattice constant in the chain direction, and it has been assumed that there is 1/2 carrier per molecule in the pure sample, as appropriate for the materials discussed here. Typically, from figure 3, w2p decreases about 9 % for 1 % defects. To account for this, we must consider each parameter of figure 2. The subtle point is that the lattice constants change on irradiation. x-ray diffraction has shown an increase in a of order 1 % for 1 % defects. This of course leads to a rather strong decrease in t because of the exponential dependence of the wave function overlap. Values based on the observed blue shift of the plasma edge on cooling [14] , or on molecules orbital calculation consistently suggest this change to be 5 % for 1 % increase in a. Thus the lattice expansion appears to be the dominant factor. This expansion, of course, also has a direct influence on the product na2 = 0.5 a21V m' where V m is the average volume per molecule. If the relative change in V. [18] is somewhat larger than the relative change in a, na2 could also decrease a little due to that. Two other possible effects should also be mentioned. Firstly, some carriers (-one per defect) may be bound to the defects with energies in excess of ficop. These will not contribute to n. Secondly, the barriers between the metallic segments prevent Drude excitations between them. This gives rise to an effective reduction of the oscillator strength, which is presumably smaller than the defect concentration [27] . Thus, although the shift in plasma edge position may be due to a combination of several factors, it is easily accounted for and the lattice expansion appears to be the dominant factor. Similar changes in the plasma frequency can also be obtained by applying an external pressure. Welber et al. [28] Finally, a few comments on the results for the highly irradiated samples are in order (Fig. 4) . The complex disappearance of metallic features suggests that the local electronic structure is strongly perturbed. It is possible that the segment length has become short enough, that the optical transitions should rather be described as being from bonding to antibonding states in pairs or trimers of molecules. Typical energies for such transitions would be 2 t + 0.5 eV -4 000 cm-1.
Another explanation could be that the direct optical excitation of plasmons completely dominates the spectrum.
Conclusion.
Six years ago, Gunning and Heeger [12] have found that the Drude edge of irradiated (TTF) (TCNQ) was insensitive to irradiation inducing strong defects at the level of a few tenths of a percent, while the dc and microwave resistivities were increasing by a factor of two.
The present study, performed on three compounds of the TMTSF family, at room temperature, demons-trates that this decoupling of the optical and low frequency transport processes is simply related to the inhomogeneous character of the irradiated sample composed of metallic strands interrupted by insulating defects.
